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PTTG KNOCKOUT RODENT AS A MODEL TO STUDY MECHANISMS FOR 
l^OUS PHYSIOLOGICAL PHENOMENA, INCLUDING DIABETES 

BACKGROUND OF THE INVENTION 
Throughout the application, various publications are referenced in parentheses. 
The disclosures of these publications in their entireties are hereby incorporated by 
reference in the application in order to more fully describe the state of the art to winch 
this invention pertains. 

1 . FIELD OF THE INVENTION 

The present invention is related to the biomedical arts, in particular to genetics. 

2 . DISCUSSION OF THE RELATED ART 

^^.^^ 

believed to have a role in proper cell cycle progression. 

Events such as DNA synthesis, chromosome segregation, spindle assembly, 
cytokinesis, and other aspects of cell division, must be executed in ordered sequence 
during the cell cycle. Proper cell cycle progression is a complex process requmng many 
cell cycle regulators including P 53, Rb, cyclins, cdks and cdk inhibitors P 21, and P 16, 
among others. (Reddel, R.R., Genes involved in the control of cellular proliferative 
potential, Ann. N.Y. Acad. Sci. 854: 8-19 [1998]; Prosperi, E., Multiple roles of the 
proliferating cell nuclear antigen: DNA replication, repair and cell cycle control, Prog. 
Cell Cycle Res. 3:193-210 [1997]). Loss or mutation of these genes leads to dysfunctions 
of cell cycle progression and are frequently involved in tumorigenesis and apoptosis 
resulting in pathological consequences. For example, mice lacking P 53 show unregulated 
Gl checkpoint control and a high prevalence of spontaneous tumor development 
(Donehower, L.A., et al, Mice deficient for P 53 are developmental^ normal but 
susceptible to spontaneous tumors, Nature 356:215-221 [1992]); mice lacking Rb do not 
survive fetal development while Rb*/- mice developed pituitary tumors at 8 months 
(Jacks T et al, Effects of an Rb mutation in the mouse, Nature 359:295-300 [1992]); 
mice lacking p21 undergo normal development but show defective Gl checkpoint control 
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(Deng, C, et al, Mice lacking p21CIPlWAFI undergo normal development, but are 
defective in Gl checkpoint control, Cell 82:675-684 [1995]). 



Recently, a family of proteins including securins, separins and cohesins were 
found to play important roles during sister chromatid separation in eukaryotic cell cycle 
5 M phase (Nasmyth, K., et al, Splitting the chromosome: cutting the ties that bind sister 
chromatids, Science 288:1379-1384 [2000]). These proteins exhibit characteristics of cell 
cycle regulators. Securins {e.g., S. cerevisine Pdslp, S. prombe Cut2, Drosophila PIM, 
Xenopus securin) share at least one destruction box and a nine amino acid consensus 
motif [RX(A or V or L) LGXXX N], originally identified in B-type cyclins. (Ciosk, R. 5 

10 et al, An ESP1/PDS1 complex regulates loss of sister chromatid cohesion at the 
metaphase to anaphase transition in yeast, Cell 93:1067-1076 [1998]; Funabiki, H., et al, 
Fission yeast Cutl and Cut! are essential for sister chromatid separation, concentrate 
along the metaphase spindle and form large complexes, Embo. J. 15:6617-6628 [1996]; 
Zou, H., et al., Identification of a vertebrate sister-chromatid separation inhibitor 

15 involved in transformation and tumorigenesis, Science 285:418-422 [1999]; Stratmann, 
R., et al., Separation of sister chromatids in mitosis requires the Drosophila pimples 
product, a protein degraded after the metaphase/anaphase transition, Cell 84: 25-35 
[1996]). The separins (Esplp, Cutl, BimB) share a conserved carboxy-terminal domain, 
which binds to securins (Ciosk, R., et al, An ESP1/PDS1 complex regulates loss of sister 

20 chromatid cohesion at the metaphase to anaphase transition in yeast, Cell 93:1067-1076 
[1998]; Funabiki, H., et al., Fission yeast Cutl and Cut2 are essential for sister 
chromatid separation, concentrate along the metaphase spindle and form large 
complexes, Embo. J. 15:6617-6628 [1996]; May, G.S., et al, The bimB3 mutation of 
Aspergillus nidulans uncouples DNA replication from the completion of mitosis, J. Biol. 

25 Chem. 267:15737-15743 [1992]). 

Securins reach their highest expression level in M phase. Securins accumulate 
during interphase, and they bind to separin, which prevents premature separin activation. 
In a normal cell cycle, anaphase promoting complex (APC) eventually degrades securins, 
thus activating separin to facilitate chromosome segregation. (Nasmyth, K., et al., 
30 Splitting the chromosome: cutting the ties that bind sister chromatids, Science 
288:1379-1384 [2000]). In this sense, securins function as inhibitors of chromatid 
separation during anaphase. 
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To date, characterization of mammalian securin or separin has been hrmted. (Zou, 
H e, a, Identification of a borate sister-enromatid separation inhibitor involved m 
transforms and tumorigenesis. Science 285:418-422 [1999]). 

However, pituitary tumor transforming gene (PTTG) (Pei, L., e, at.. Isolation and 
Cancelation ofapiluitary transforming gene (PTTG), Mo.. Endo. U:433-441 
r,9971) a recently described oncogene isolated from pituitary tumor growth hormone- 
secrettng cells by differentia, display, has 4W„ amino acid identity wtth Xenopus 
securin Indeed, PTTG has one destruction box (RXLGXXXN) and cychn B-hke 9 
amino acid consensus motif. PTTG protein preferentially localizes in tire cel. nucleus. 
<Yu R etal. Pituitary tumor transforming gene (PTTG) regulates placental JEG-3 cell 

Expression levels of PTTG protern change in a temporal pattern during cell cy* 
pro i ^si»u. peakin, duri.nt Nl. phase. 1TH, is plu»phoo.,a,ed by ccic 3 a:„. MAPK. 
(Ramos-Morales, F, e, al.. Cell cycle regulated expression and phosphorylation ofkpttg 
proto-oncogene product, Oncogene 19:403-409 [2000]; Pei, L„ Activation of 
mi ,ogen-ac,iva,ed protein Mnase cascade regulates pituitary turner transforming gene 
transaction function, , Biol. Chem. 275:3U91-31198 [2000]). PTTGs have been 

, hlim „ ce ii s t ee PCTAJS97/21463; Wang, Z., et al., 
identified in rat, mouse, and human cells, [e.g., 

mrra\ transforming and transactivation activity, J. 
Pituitary tumor transforming gene (PTTG) transjorming a 

Biol. Chem. 275:7459-7461 [2000]). 

PTTG1 the PTTG equivalent in humans, is expressed at low levels in most 
norma, human' tissues. (Chen, L. el al.. Identification of the Human pituitary tumor 
transforming gene (hPTTG) family: molecular structure, expression, and chromosomal 
locaLon, Gene. 248:4.-50 [2000] ; Heaney, A.P. et at. [2000,). PTTG ,s abundant 
only in normal testis and thymus. (Wang, Z„ - al., Characterization oj 'themunne 
pituitary tumor transforming gene (PTTG) and its promoter, Endocrinology 141 =763-771 
,20001) When expressed a. normal levels, PTTG mediates promoter transcnptronal 
activation. (Wang, Z., * al., Pituitary tumor transforming gene (PTTG, transforming 
and transactivation activi*, ,. Bid. Chem. 275:7459-7461 [2000]), uti.izes c-myc as „s 
3 downstream gene target. By dysregulatmg chromatid separation, PTTG overexpr essron 
also leads to aneup.oidy, i.e., cells having one or a few chromosomes above or below the 
normal chromosome number (Zou el al. [.999]; Yu, R. - al. [2000]). At the end of 
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metaphase, securin is degraded by an anaphase-promoting complex, releasing tonic 
inhibition of separin, which in turn mediates degradation of cohesins, the proteins that 
hold sister chromatids together. Overexpression of a nondegradable PTTG disrupts sister 
chromatid separation (Zou et al. [1999]) and overexpression of PTTG causes apoptosis 
and inhibits mitoses (Yu, R. et al. [2000]). The securin function of PTTG suggests that 
PTTG may also be expressed in normal proliferating cells. In adult humans, PTTG1 
mRNA is most abundant in testis, an organ containing rapidly proliferating gametes. 
(Zhang, X. et al. [1999a]); Wang, Z. et al. [2000]). 

In contrast, PTTG1 is highly expressed in human tumors and is responsive to 
) estrogen induction. (Zhang, X., et al., Structure, expression, and function of human 
pituitary tumor-transforming gene (PTTG), Mol. Endo. 13:156-166 [1999]; Heaney, A.P., 

transforming gene and 
et al, Early involvement oj estrugcn-muu^w - - ^ ~ ~ 

fibroblast growth factor expression in prolactinoma pathogenesis, Nature Med. 
5:1317-1321 [1999]). Indeed, PTTG is highly expressed in pituitary tumors and 
5 neoplasms from the hematopoietic system and colon, and PTTG is considered to be a 
proto-oncogene, because PTTG overexpression in NIH3T3 cells induces cell 
transformation and in vivo tumor formation.. (Pei, L., et al., Isolation and 
characterization of a pituitary tumor-transforming gene (PTTG), Mol. Endo. 11:433-441 
[1997]; Zhang, X. et al., Structure, expression, and function of human pituitary tumor- 
20 transforming gene (PTTG), Mol. Endocrinol. 13:156-66 [1999a]; Zhang, X. et al, 
Pituitary tumor transforming gene (PTTG) expression in pituitary adenomas, J. Clin. 
Endocrinol. Metab. 84:761-67 [1999b]; Heaney, A.P. et al, Pituitary tumor transforming 
gene in colorectal tumors, Lancet 355:712-15 [2000]; Dominguez, A. et al, hPTTG, a 
human homologue of rat pttg, is overexposed in hematopoietic neoplasms. Evidence for 
25 a transcriptional activation function ofhPTTG, Oncogene 17:2187-93 [1998]; Saez, C. et 
al hPTTG is over-expressed in pituitary adenomas and other primary epithelial 
neoplasias, Oncogene 18:5473-6 [1999]). In addition, PTTG has been shown to possess 
other physiological roles in mammals, although mechanisms are unclear. 

PTTG also has been shown to upregulate basic fibroblast growth factor secretion 
30 (Zhang, X. et al [1999a]), and transactivate DNA transcription (Dominguez, A. et al 
[1998]; Wang, Z. et al, Pituitary tumor transforming gene (PTTG) transacting and 
transforming activity, J. Biol. Chem. 275:7459-61 [2000]). 
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r t . n PTTG2 gene, which shares high sequence 
The recent discovery of human FI7G2 » ' (Prezant, T.R-, e' 

homology with human PTTG1, imphes me ex,s,ence o a PTTG » y J 

— ;; 149 . U52 [19991) . 

, UPTTG familv J- Clin. Endocrinol. Metab. 84.114y i 

( „mor S : evW OT «/or hPTTG family, f a , , east lhre e genes that share a high 

5 Xhere is evidence tha, a ^ family »~ «™ ^ * _ 

d egree of sequence homology, including human „ PXTG1 

w • prrr r shares 66% nucleotide base sequence homology 
(Jd.). Munne P3TG shares g o/ 

n* also exhibUs transform^ ab^ty (W^an 
rte murine /rilrftory tumor transforming gene (PTTG) 
10 14:763-771 [2000]. 

Oespite all of the research and resource, applied to understanding the - of 
PTTG in ce„ cycle control and the pathogeny ,_ 

15 effective in vivo model for studying PTTG. 

,, ,,„, „oi 120011). The secunn referred to i«v 
Current Biology 11:1197-1201 [200 ) ^ ^ ^ 

s. " """" — ■— - 

P u orrr / mice or the cells derived therefrom, 

observed in either the PTTG -/- trace or me 

Tnere remains a need for - in vivo mode, for -^J^^ 

° f "~ ? :;Te~ ;"-- b ene f ,,s are provided hy me 

phenomena relating to PTTG expressioi 

present invention as described herein. 
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SUMMARY OF THE INVENTION 

addresse s the above-described needs, provides a 
The nresent invention, which addresses uic a 

The presen ^ ^ muta „ on ,„ lts 

tv.^ PTTG null mutant rodent m the 
The present invention also relates to uses for the PTTG 

study „ m— P« a, the eellu^ or • n - us 

" —a , hvpoleptinemta, ch—al — , P— 
nype^.,— —- mito , ic ceHular „,v 15 .u„, 

centromere division, chromosomal damage, hypoplasia, and 



female subfertility. 
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Estabhshed amma! models for (streptozo tocin)-<reated mice. NOD 

fa c,ude »P <^ZZ£Z2Z • -.es, whtle SXZ is a synthe, 
mice are ^own » ^ ^ for 

chemical compound harmful to P t „ , he variab les inherent in these two 

oiahetes development has heen complied due to ft anabl 

♦ * PTTTr knockout mice were generated from a single g«= 
m odels. In contrast, PrrGknocko ^ be less compli cated to decipher than 

PTTG involvement in the insulin action, thus, should d 

• xTr»r» nr unknown factors in the STZ, moaei. 

Zl St" — — - - — ' — 



25 diabetes. 
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BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 depicts a — c dia g ram of the ,ar g e.in g strategy f— ion of me 

PTTG gene Fi g ure 1 A shows «he genomic — of «he murine PTTG gene »* . 
86 , 8 of a,, Bering vector. Endogenous PTTG contains five exons, 

schematic dia.am of the « g e S _ i ^ ^ ^ _ , 

depicted as El - E5. A 4.2 box designatelJ 

m d part of exon 1 was replaced with a « illustrates the results 

„TG genotype. DNA wa d . ^ ^ ^ rf ^ ^ ana , ysjs 

fragment shown in Figure 1A. Pig ™ n otype. Murine 

.f total RNA derived from mouse testis with the indicated PTTG geno yp 
PTTG exon 3cDNA fragment was used as probe. 

ri ,,re 2 d„,,o:,s,va,cs an tap** ,.lucos, «P«~ "> ™ ' " ^ "j* 
, and 6 ma!e PTTG + / + mice were fasted 16-20 hrs before glucose injection 

, "I- bl lp.es were col.ected a. indicated ttmepoints after injection. 

(Igfrg we, g ht) ..P., blood s*np ELISA kit (Crystal Biochem, 

insulin was measured using a Ultrasensitive 

Chica g o, a) and glucose measured using DEX g.ucometer (Bayer). 

+/+ samples are indicated. 

Figure 3 depicts —histology and pathology analyses of PTTG ^ and 
Flg ure dep immU nostaining companson in a 

, PTTG ^^^^ pancreatic sections (3 M « 
P7T G +/+ and PTTG -/- pancreas. Corporations, 
processed as instructed in the kit manual (LSAB2 system 

. . rM wherein anti-insulin antibody was used as the first antio y 
Carpintena, CA), wherein anu cprrpt ; nff cells Panel 1 depicts 

5 an insulin immunostamed PTTG +/+ pancreas, retained PTTG -I- pancreas. 

j r>o^i ^ rtenicts an insulin immunostainea r 1 1 u- f 
P7T G -/- pancreas; and Panel 3 depicts a _ ; _ mouse 
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<■ , m „hoevtes (the darkly shaded dots) in islets in 
Note the high percentage occupance of lymphocyte ,1 ^ ^ % 

Panels 2 and 3 rather than 1. Panel I deptcts a statned PIT 
pjTG -I- pancreas; and Panel 3 a PTTG -/- pancreas. 

Figure 4 depicts hematopoietic and — o ^^Z^Z 

orrr +/+ and PTTG - - mice. In Figure 
(S weeks) from PTTG, ~£ hy ^ !or expressIon of 

oocyte snbsetstn the 5-w^k *yrn ^ ^ fcy flow cytometry . 
indicated lineage-spectfic cell surface an g characteristic « indicated. 
Kelative percentages of cells exhibits each c U surf*^ ^ ^ ^ ? ^ ^ 
0 Figure 4C depicts tail bleeding ttmes for P ^ ^ ^ 

point represent one individual mouse, and results 
experiments in 12 m ice. ^ _ 

l5 5A, PTTG + / + and •'' ^ P and „„ ^ng toes and cell cycle 

aud high (1.6X10W) concentrates respect, e*, an ^ ^ ^ 

parameters ^-^'^^a ^ <* ™- 

em ^ W ^, +/+ ^ md 29 , hrs fo, PTTG -/- cell, The 

20 this experiment was 30.6 hrs for P ^ .^.^ Hgure 5B 

leng ,h of time (hrs) an average ce,l spend, m the cell cy ^P ^ ^ ^ ^ ^ 
shows the results of flow cytometry analysts o 
were plated 1 S hrs before — (— an — 
for flow cytometry analysis. Treatments .ncludei ^ „ , % FBS , 

25 Y- irradiation; 3. transfeetion of PTTG retrovirus, 4. serum sta 

Fig ure , depicts abnormal nuclear and cr_r ™ 

teast ,000 cells were counted. ^«^» fie , ds are de pic,ed, in which 

30 rimebreaksarepresemasarrowed.— dysalso 

apparent in these metaphases. 
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t- ■ ■ PTTG -/- MEFs. Four 
Fi „ re 7 tllustrates premature centromere ^ dWision „ 

Afferent are depicted, - — J^" ^ —mal spreads we, 

in each field, with a magmficafon • ^^to Moraro-r 

„, thf PREFERRED EMBODIMENTS 
DETAILED DESCRIPTION OF THE ™^ 
tt. present mvention rela.es to a rodent compnstng » » g- 
induced PTTG null mutation. 

„ - tents" refer to all members of the phylogenettc order 
^ terms "rodent" and • rod» ^ ^ 

Rodentia (e.g., mice, rats, soutrrels, be « ^ of a „ wl ure 

. . gS ftSS S ~ ~~ 

U Muridae, mcluding without limitation, rats and m.ce. 

In— e represent— — 
5 ^cial induction of a mutation is accomp * ^ ^ 

— ' ™ S Tain""—, and artificial induction of frame 
transpositional recombination, site dir 



shift mutations. 

„ , ,W refers to a mutation in both genom.c 
- used here,», ,e ten. ^ — * stem c e„ or mamma,, 

copies of an endogenous gene (such as P ^ ^ ^ me 

such that the — „ products, w * — ^ > - ^ _ ^ in cells 
wi ,d-.ype genotype, are not expressed or wherein 0M alle ,c of 

of me targeted orgasm. The rodent - b ^— ^ ^ , „ homMygous 

th6 endogenous gene has been mutated. Mtem ^ — 
nu ,r wherein both alleles of the endogenous gene have b 

difier of PTTG protein(s), 
The term ■•functional," when used herem as a m ^ ^ ^ 

pep«e(s>, or fragments ther^f refers PTTO. For .ample, one 

functional characteristics or btologrcal actmt ^ ^ ^ ^ 

Wo ,og,ca, acttvi, of PTTO is me - — £ # fc ^ of mamm ali an 
like) . Another biological activity is the ability 
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*• «f PTTG is the ability to inhibit separin 

activity in ,he ^^^^ (e ,„ Agenesis, tn nude mice (e., 
abi „ ty ,o mduce ^ logical active - ft. 

■ ,„ ,„™ "mating" means copulation by the male and female 
As used herem, ft. m^g ^ ^ ^ ^ ^ ^ ^ 

Men,, of the same spec.es, or b^d g y ^ ^ ^ ^ ^ ^ 

further generations of progeny ^ reproductive technologies, 

ta semina,ion, in vitro fertrhzatton (IVF) ^ ot parnal 

such as intraevtoptomic sperm nnecfon (ICSI) ^ 
^a dissection (PZD). However, ofters, such as clomng ana e 

f ~ «i^»as^«^ OT '^ 

• .. or ..recombinant" rodent is one that has had foreign or exogenous 
A-transgenrc or recombm ^ wmch have bee „ 

DNA introduced into * germ ^ ^ ^ — ^ ^ e 

^uced into the anrma 1 c^ ^ ^ , he „ on 

tnmsfected germ cells of the transge ^ ^ ^ 

chromosomes. Those skilled m the art 

g enera,ed as a result of changes to fte ^ma J - origurally 

produced by .is — , ^ ^ ^ „ ta 

^HIT^* Tire genetic 

sri::— diff, 

A ,arge,.ng vector" is a polynucleotide seouence fta, is designed to s^s or, 

g ene in one or more cells of • ™- ^ ^ ^ rf , he md0gH10us 
targeting vector is typically compnsed t seqwnces) t0 „ e 

g ene (one or more exon sequences, intron -*~~-^> , he pressnce of , h e 
, uppressed and (2) a selectable marlcer seouence u^ <o^ P ^ 

The tareeting vector is inserted mw 
targeting vector in a cell. The target g 
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..a Thr Greeting vector can then integrate within 

*^~»»^ M j:"ZZ su* ***** or*. «™ 

one or both alleles of the endogenous PTTG gene, an ^ 

^v^«-P^-«»^^^^ D HA is 

B e„e. Wegration of «he />7TG .axgCmg vec.or m.o tf« ce ^ 

« — « via logons recornb— . r ^ ^ 

taIg e,i„g vector « - homologous l lis L ert e d ,„ t o.Hece,, 
fences can hybrid to each other wh n ^ . ^ ^ ^ 

these regions can then recombmc so that the targetmg 
corresponding position of the endogenous DNA). 

,„ce» is a polynucleotide sequence, the incorporation of 
A ..selectable ma*er sequence a ^ ^ ^ ^ ^ ^ ^ . 

into the chromosome of a cell, " , ..... instruct 

Nucleotide seque„cetha,isO>used as par, ^ -^"^ t0 

identify those cells that have tncorporated the PTTG g ^ 
chromosomal DNA. The selectable matter sequence can be any q ^ 

■ 11 , ;* «ni1 V»e a sequence encoding a piuu^ 
these purposes, although typically it will be a s q ^ 

.u 0^11 curh as an antibiotic resistance gene ui 
detectable .rat. on the cell, such as an ^ or . fluor escent protern 

not naturally found in the mammahan cell (e.g. B ga ^ 

* ^^;r, hh\e fluorescent protein, or a pny^u ^ 
(e.g. green fluorescent protein, blue P homo iogous or heterologous 

;n aUn tvoically contain either a nomoiogu 
0 marker sequence will also typical y 

promoter that regulates its expression. 

i mpntide" are used interchangeably herein. 
The terms "protein", "peptide", and "polypeptide are u ^ 
,u ■ the ohrase "PTTG" refers to a protein member of a mammal 
As used herein, the phrase r (PTSG) proteins, 

PTTG proteins, formerly also ^ as ^ ^ ^ ^ ^ 
25 that, for example, are able to transform mammahan cells 
and the like). 

As US ed herein, a "promoter region" refers to a segment of^A — 
option of a OKA nucleotide to which it is ^ 
— Eludes specific sequences that ^ ^ sequences 

30 binding and transcription initiation- n ^ J ^ of RNA 

that modulate this recognition, binding and transcript 
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an be cis act i n g or can be responsive to trans acting 
polymerase. These sequences can be as acting 

factors. 

„ v, «;„ "expression" refers to .he process by which poiynucleic acids are 

As used herein, expression ^ t • jf tue 

v, , • to rnRNA and translated into peptides, polypeptides, or protons. It 

organism is se.ec.ed. expression can inc.ude splicing of ,he mRNA. 

X* .em. "nuc.eic acid" encompasses ri—c acid (RNA) or deox^— c 

A po.ynuCeo.id= science complement .o a PTTC-spe* 
-enceras— ^^^^^^ 
nucleotide base sequence. The phr comp l em entary base 

— - r:rr~=" ■ - — 
rr=r *rr=— - - - - 



conditions. 



25 



30 



. te ptaa se "modera* stringen. hybridizanon" refers .o 

As us ed herem, the phr „ ucleic ^ « hasabou. 

condi.ions.ha.perm,..ar B e..DNA«ob 1 nd P ^ 

60% science idemi* or — ^ ^ 90% iden .i, .o « g e, 
ab ou.S5%iden M y.o.he.ar g e. D^ w S ^ 

DNA being especially preferred. Preferably ; x 

e.di.ions eouivale, .o hybridan in ^ — ^ ^S, a. 6 S C. 
SSPE, 0.2% SDS a. 42 C, followed by washmg m 0.2 x SSPt, 
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a- 

w 

'5 

w 

Q 

i.n 



, • j* + w refers to conditions that permit 
The phrase "high stringency hybridization jta ^ ^ ^ 

o t o„ ly those ^ - 7^ 65 c, J.,, no, be stable 

N aC, a, « C (i.e., -^^^ herein , High stringency conditions 
under high stringency conditions, as con P 5X Denharfs solution, 

can he provided, for example, by hybrid,— 5 /— . ^ ^ ^ & 

5X SSPE, 0.2% SDS a. 42 C, followed by washing m 0.1 x SSPE, 

j .™>" refers to conditions equivalent to 

patron ,n 10% — ; * ^ ^ & ^ ^ ^ ^ ^ 
followed by washmg in 1 x SSPE, ^ ^ ^ HaAor 

e.g„ Sambrook e. al., Molecu.ar Cloning, A Labora ry 
Moratory Press ,1989,) are we,, known to those of sk,„ ,n the art 
hybridization buffers. 

"~ ~~ „ nr -offspring" refers to animals of any and all future 
The term "progeny or offspring 

blurted herein such that me progeny, 
any successive generate are ^ in ^ defi ni,io, 

generations, and so on, containing the targeting 

r^ded within the scope of this — ,s a « 

endogenous,^ -es have been ari..* _ ^ 

ra den. ,ack the ability to express function 1 P us reoombta t,on, 

accomplished by various means known m the a* inch, g ^ ^ 

^^•"-^^^^^Trf a functional PTTG 

f *. P7TG aene crucial to expression 
region or regions of the PTTO « embryonic stem cell (ES) or a 

germcelMuchasanooc^^ * ^ ^ ^ veclor „ 

^ote by mating with a germ cellon P ^ ^ ^ be 

tran sfec.ed into the genome of a germ celUh ^ ^ ^ ^ % ^ 

wilh a germ eel, of the opposite sex - ^ ^ ^ 
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developmental stages, and be taken up by those that are a, a more 
The primitive spermatogonia, ste m cells, known as AO/ As, differentiate * ^ 
spermatogonia. The latter fi.rU.er d.fferen,iate to form primary spermatocytes . 
prolonged meiotic prophase during which homologous chromosomes pan and 
U monacal s,ages o f meiosis are distinguishaUe: prCepto,^, 
zygotene, pachytene, secondary spermatocytes, and the haplo.d spermatids. The latter 
Idergo ^er morphoiogica, changes during spermatogenesis, inciudmg reshapmg 

spermatozoon take p.ace in the genital tract of the female, pnor to fert.hzat.on The male 
g L cells can be modified in vivo using gene therapy technics, or ,n v.tro usmg a 
number of different (ransfection strategies. (E.g., WO 00/69257). 

h, a preferred embodiment, the mutation .s introduced by homologous 
.^^^ • 
using a targeting vector, where the targeting vector is transfected mto the 
glome. The ES cel, then can he injected into a blastocyst. The rating recom man, 
lastocyst or zygote, as the case may be, can be impianted into a pseudopregnan, hos 
1— the FO generation. The n progeny then can be screened for the P= f 
I or more mutan, PTTG aUeie. ff no PTTG -/- offspring are detected, then the PTTG 
" offspring of the Fl generation can be mated, wherein a predicted about one fourth of 
L F2 rogly wi„ bear the PTTG genotype, which can be confirmed, 
using genomic analysis techniques known in the art, such as, Southern blottmg. 

„, a preferred embodiment, the PTTG null mutant rodent can be generated by 
homologous recombination with a targeting vector as follows. 

A PTTG targeting vector typically is prepared by isolating a genomic PTTG or 
cDNA PTTG polynucleotide sequence fragment and inserting a selectable genet.c 
Let typically comprised of an exogenous polynucleotide sequence, into said genomrc 
fragment. The PTTO gene or gene fragment to be used in prepanng the 
targeting vector can be obtained in a variety of ways. 

A naturally occurring genomic PTTG polynucleotide sequence fragment or cDN A 
ra „,ecu,e to be used in preparing the targeting vector can be obtained using methods wen 
ta own in the ar, such as described by Sambrook e, al. ***** C^, A 
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Oratory « COM Spring Harbor Labour, Press, Cold Spnng Harb«, 
„ WD Such methods include, for example, PCR amphfication of a particular DNA 
olyn cleotide sequence using oligopeptide primers, or screenmg a genomic ibrary 

5 J< a portion of the same or a highly homologous PTTG gene ,n order to obtain a, ^ a 
portion of .he PTTG genomic polynucleotide sequence. Alternatively, .f a cDNA 
eC nee is to he used in a targeting vector, the cDNA can he obtained by sprung a 
cDNA iihrary (preferably one prepared from tissues or cells that express he PTTG 
"lc sejel, where ,e tissues or cells are derived from the same or sumlar sp^s 

i0 of mammal as the targeted species) with oligonucleotide probes, homology cDNA 
probes, or antibodies (where the library is Coned into an expression vec or, I 

u a- t th P PTTG eene can be isolated from a mouse 129 Svbv A. 
oreferred embodiment, the FUG gene c<m 

^ - no » PTTG cDNA probe labeled with a commercially 
eenomic library (Stratagene) using a PT1G cuina pro 

" ^^^^ ~ 

,5 transforming (PTTG) ana Us proper, Endocrinoiogy 141:763-771 [2000]). 

to instances whe« me DNA sequence of the subject endogenous gene is kno™ 
(as is the case with respect to human, rat, and murine PTTG) a DNA polynucleotid 
Z nee fragment encoding the pertinent portion of said gene can he manu actur*. 
syltically using chetnica, synthesis methods such as those described by Engels e, a ., 
20 C C em. I. Ed. Engl., 23:716,34 [19WD. - wit, «he phosphoramid.*, 
Zotnester, and H-phosphonate methods of nucleic acid syndesis. — *. 
aforementioned nucleic acid chemical synthesis methods oniy can be used to syn hes^e 
polynucleotide sequences of up to about 100 base pairs, and the destred genom c DNA 
Nucleotide sequence fragments are typically comprised of at leas, several hundred 
25 : p airs, the desired genomic DNA polynucleotide fragment can be synthes«ed,n a 
number of 100 bp fragments whtch can then be ligated together usmg standard DNA 
ligation methods known in the art. 

The PTTG genomic DNA fragment or PTTG cDNA molecule prepared for use in 
the targeting vector should be generated in sufficient quantity for genetic manipulation 
the targeting ,^ hv n placing the fragment into a suitable vector and 

30 Amplification can be conducted by 1) placing tne ir B prR 
reforming bacteria, or other cells tha, can rapidly amplify the vector, 2) by 



15 

LAI 379382V1 



amplification, 3 , by synthesis * a DNA synthesizer, « «) * - «*-* — 
now known or later discovered. 

The genomic PTTG polynucleotide sequence fragment, cDNA mdecute or PCR- 
The genomic taI «ting vector (referred to herein as 

generated fragment for incorporate '^ ^ ^ cm be digested wi , h 
5 — ^rLrLcions^a.opresentin 

i: :::;ier „ - « - — ^ - - = - 

♦v,in the PTTG polynucleotide sequence portion of the targeting 
into a desired position within the P 1 1 U poiyn 

10 polynucleotide sequence portion of the targeting ^ 

—- — — ~ — — 

targeting vector has been digested and ^ ^ 

20 the selectable marker sequence should be flanked by 

. • «. „ ,h, digested PTTG polynucleotide sequence portion of the 
base pairs remaining from the digested »i«f ' ,„„eted 
„,„r This way the flanking portions can hybrids with a targeted 
targeting vector. This way , of ^ desired site of insertion of the selectable 

chromosomal PTTG gene on either side f th^des «i ^ 
.narker sequence into the chromes omal ^ 
25 selectable marker sequence should be flanks y P * 

complimentary to the sense strand of me chromosoma, PTTG ne * 

vector and a, leas, one copy of the chromosomal copy of the PTTG gene. 

Preferably the endonuclease(s, selected for digesting *e PTTG polynucleotide 
30 Preferably ^ ^ ^ ^ , shorter ^ 

sequence portion of the targeting vec s 

.here the shorter arm is a, leas, about 300 base pairs (bp). In some cases, 

1 fs 
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desirable to actually delete a portion or even all of one or more introns or exons of the 
PTTG polynucleotide sequence portion of the targeting vector. In these cases, the PTTG 
polynucleotide sequence portion of the targeting vector can be cut with appropnate 
restriction endonucleases such that a fragment of the appropriate size and locatxon can be 
removed provided that the selectable marker sequence inserted therein is flanked by at 
least about 200 polynucleotide base pairs complementary to polynucleotide re gl ons of the 
targeted endogenous PTTG gene at the preferred site of the desired homologous 
recombination event. 

In a most preferred embodiment, the PTTG polynucleotide sequence portion of the 
targeting vector for incorporation into the PTTG targeting vector contains a deletion of 
about 4.2 kb, including the translation start site and KOZAK sequences, wheretn 
introduction of such a deletion into the chromosomal copy of the PTTG will eliminate 

■ translation of-/'/T<; mRN'As. ... , - • — 

The selectable marker sequence used in the targeting vector can be any nucleic 
acid molecule that is detectable and/or assayable after it has been incorporated mto the 
genomic DNA of an ES or germ cell, and ultimately the null mutant rodent. Expression 
or presence in the genome or lack thereof can easily be detected by conventional means, 
as further described herein. Preferably, the selectable marker sequence encodes a 
polypeptide that does no. naturally occur in the mamma,. The selectable marker sequence 
is usually operably linked to its own promoter or to another strong promoter such as the 
thymidine kinase (TK) promoter or the phosphoglycerol kinase (PGK) promoter from any 
source mat will be active or can easily be activated in the cel. into which it is inserted; 
however, the selectable marker sequence need not have its own promoter attached, as ,t 
can be transcribed using the promoter of the gene to be mutated. In addttton, the 
selectable marker sequence will normally have a polyA sequence attached to ,.s y end; 
tins sequence serves to terminate transcription of the selectable marker sequence. 
Preferred selectable marker sequences are any antibiotic resistance gene, such as neo (the 
neomycin resistance gene), or a bacteria, gene, such as beta-gal (beta-ga,actos,dase). 

After the PTTG polynucleotide sequence portion of the targeting vector has been 
, digested with the appropriate restriction en Zy me(s), the selectable marker sequence 
molecule can be ligated with the PTTG polynucleotide sequence portion of the targeting 
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vector using methods we,, known .0 .he skil.ed artisan and described in Sambrook et a. 
supra in some cases, it wiU be preferabie to insert the selectable marker sequence ,n the 
reverse or antisense orientation with respect to the PTTG nucleic acid sequence; tins 
reverse insertion is preferred where the selectable marker sequence is operab.y hnked to a 
particularly strong promoter. 

The ends of the DNA molecules to be ligated must be compatible; this can be 
achieved by either cutting all fragments with those endonucleases that generate 
compatible ends, or by blunting the ends prior to ligation. Blunting can be done ustng 
urethcds we,, known in the art, such as for examp.e by the use of Klenow fragments 
(DNA polymerase I) to fill in sticky ends. After ligation, the ligated constructs can be 
screened by selective restriction endonuclease digestion to deterrmne which constructs 
contain the marker sequence in the desired orientation. 

The ligated DNA targeting vector then can be transfected directly in;,, embryonic 
stem cells (discussed beiow) or germ cells, or i, can first be placed into a suitable vector 
; for amplification prior to insertion. Preferred vectors are those tha, are rapidly ampMed 
in bacterial cells such as the pBluescrip, II SK vector (Stratagene, San Diego, Cahf.) or 
pQEM7 (Promega Corp., Madison, Wis.). 

The PTTG targeting vector is typically transfected into stem cells derived from an 
embryo (embryonic stem cells, or "ES cells"). ES cells are undifferentiated cells that are 
0 capable of differentiating into and developing into all cell types necessary for orgamsm 
formation and su^ival. Generally, the ES cehs used to produce the null mamma, w„, be 
of the same species of rodent as the nu„ mutant rodent to be generated. Thus for 
examp,e, mouse embryonic stem ce,ls will usually be used for generation of null mtce. 

The embryonic stem cell line used is typically selected for its ability to integrate 
25 into and become par, of the germ line of a developing embryo so as to create germ hne 
transmission of the targeting vector. Thus, any ES eel, line that is believed ,0 have tins 
capability is suitaWe for use herein. Preferred ES ce„ lines for generating null mtce are 
murine cel. lines II ES cells (UCLA ES Cel, Center). The cells arc cultured and prepared 
for DNA insertion using methods wel, known to the skilled artisan such as those set forth 
30 by Robertson (in; - Cell, A PraCical ApproacH 

E J Robertson, ed. IRL Press, Washington, D.C. (1987)), by Brad,ey e, a,. (Current 
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Topics in Devel. Biol., 20:357-371 (1986)) and by Hogan e« al. (Manipu,*^ .He Mouse 
Embryo: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spnng 
Harbor, N.Y. (1986)). 

Insertion (also termed "transfection") of the targeting vector into the ES cells or 
germ cells can be accomplished using a variety of methods well known in the art 
including for example, electroporation, microparticle bombardment, microinjecUon, v»I 
transduction, and calcium phosphate treatment (see Lovell-Badge, in Robertson, ed., 
supra). A preferred method of insertion is electroporation. 

The PTTG targeting vector to be transfected into the cells can first be linearized if 
the targeting vector has previously been inserted into a circular vector. Linearization can 
, w *o~rin* the DNA with a suitable restriction endonuclease selected 
DC accuiiijjuoi^^ c? 

I The isolated PTTG targeting vector can be added to the ES cells or germ cells 

' under appropriate conditions for the insertion method chosen. Where more than one 

targ e,in vector is to be introduced m.o the cells, the DNA molecules encodmg each such 
vector can be introduced simultaneously or serially. Optionally, homozyg ous PTTG 
„„„ ES cells can be generated by adding excessive PTTG targeting vector DNA to the 
cdls , or by conducting successive rounds of transition in an a„emp, ,o achteve 
homologous recombination of the targeting vector on bo* endogenous PTTG allele, 

If the ES cells or germ ce,ls are to be elec.ropora.e4, me cells and .ar g e.ing vec,or 
DNA are exposed .o an eleCric pulse using an electroporation machine and followmg tire 
manufacturer, guidelines for use. After electroporation, the cells are 
recover under suitable incubation conditions. The cells are then screened for .he presence 
of the targeting vector. 

Screening the transfected cells can be accomplished using a variety of methods 
but typically, one screens for the presence of the selectable marker seouence portion of 
h Tgeting vector. Where the selectable marker seouence is an antibiotic res,s.ance 
gene, I cel,s can be cultured in the presence of an otherwise letha, concentration o 
antibiotic. Those cells tha, survive have presumably integrated tire tasting vec.o, I 
.he selectable marker sequence is other man an antibiotic resistance gene, a Southern blo. 
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of the ES cell genomic DNA can be probed with a sequence of DNA designed to 
hybridize only to the marker sequence. If the selectable marker sequence is a gene that 
encodes an enzyme whose activity can be detected (e.g., beta-galactosidase), the enzyme 
substrate can be added to the cells under suitable conditions, and the enzymatic activity of 
the selectable marker sequence can be analyzed. 

The targeting vector can integrate into several locations in the ES cell or germ cell 
genome, and can integrate into a different location in each cell's genome, due to the 
occurrence of random insertion events. The desired location of insertion is within a 
region of the PTTG endogenous gene sequence that eliminates functional PTTG protein 
expression. Typically, less than about 1-10 percent of the cells that take up the targeting 
vector will actually integrate the targeting vector in the desired location. To identify 
those cells with proper integration of the targeting vector, chromosomal DNA can be 
extracted from the cells using standard methods such as those described by Sambrook et 
al., supra. The extracted DNA then can be probed on a Southern blot with a probe or 
probes designed selectively to hybridize to the targeting vector digested with (a) 
particular restriction enzyme(s). Alternatively, or additionally, a specific genomic DNA 
sequence can be amplified by PCR with probes specifically designed to amplify that 
DNA sequence such that only those cells containing the targeting vector in the proper 
position will generate DNA fragments of the proper size. 

After suitable ES cells containing the targeting vector in the proper location have 
been identified, the transformed ES cells can be incorporated into an embryo. 
Incorporation can be accomplished in a variety of ways. A preferred method of 
incorporation of ES cells is by microinjection into an embryo that is at the blastocyst 
stage of development. For microinjection, about 10-30 cells are collected into a 
micropipet and injected into a blastocyst to integrate the ES cell into the developing 
blastocyst. 

The suitable stage of development for the blastocyst is species dependent, 
however for mice it is about 3.5 days. The blastocysts can be obtained by perfusing the 
uterus of pregnant females. Suitable methods for accomplishing this are known to the 
skilled artisan, and are set forth for example by Bradley (in Robertson, ed., supra). 
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While any blastocyst of the right age/stage of development is suitable for use, 
preferred blastocysts are male and have genes coding for a coat color or other phenotypic 
marker that is different from the coat color or other phenotypic marker encoded by the 
targeted ES cell genes. In this way, the offspring can be screened easily for the presence 
of the targeting vector by looking for mosaic coat color or other phenotypic marker 
(indicating that the ES cell was incorporated into the developing embryo). Thus, for 
example, if the targeted ES cell line carries the genes for white fur, the embryo selected 
will preferably carry genes for black or brown fur. 

After the ES cells have been incorporated, the transfected embryo can be 
implanted into the uterus of a pseudopregnant host. While any pseudopregnant host can 
be used, preferred hosts are typically selected for their ability to breed and reproduce 
well, and for their ability to care for their young. Such pseudopregnant hosts are typically 
prepared by mating with vasectomized males of the same species. The pseudopregnant 
stage of the host mother is important for successful implantation, and it is species 
dependent. For mice, this stage is about 2-3 days pseudopregnant. 

As an alternative means to trans feet ion of the targeting vector into an embryonic 
stem cell, the targeting vector can be transfected into a rodent germ cell, i.e., an oocyte or 
murine germ cell. Typically, retroviral vectors have been utilized to generate transgenic 
organisms by transfection of the viral vector into oocytes (Chan, A. W., et al. t Transgenic 
Cattle produced by Reverse-Transcribed Gene Transfer in Oocytes, Proc. Natl. Acad. Sci. 
USA 95:14028-14033 [1998]). Transgenic mice also were produced after the injection of 
exogenous DNA together with sperm heads into oocytes (Perry, A.C., et al y Alien 
Transgenesis by Intracyto-plasmic sperm injection, Science 2841183 [1999]. 

Transgenic mammals also can be generated in vivo and in vitro (ex vivo), for 
example, by transfection, transduction, microparticle bombardment, or electroporation of 
vertebrate animal germ cells with the targeting vector together with a suitable transfecting 
agent. The in vivo method involves injection of the targeting vector directly into the 
testicle of the animal. In this method, all or some of the male germ cells within the 
testicle are genetically modified in situ, under effective conditions. The in vitro method 
involves obtaining germ cells from the gonad (i.e., testis) of a suitable donor or from the 
animal's own testis, using a novel isolation or selection method, transfecting or otherwise 
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genetically altering them in vitro, and then returning them to the substantially 
depopulated testis of the donor or of a different recipient male vertebrate under suitable 
conditions where they will spontaneously repopulate the depopulated testis. The in vitro 
method has the advantage that the transfected germ cells can be screened by various 
5 means before being returned to the testis of the same or a different suitable recipient male 
to ensure that the transgene is incorporated into the genome in a stable state. Moreover, 
after screening and cell sorting only enriched populations of germ cells can be returned. 
These methods are more fully described in, for example, PCT/US98/24238. 

Then, the male vertebrate is mated with a female vertebrate of its species, and the 
10 progeny then are screened for transgenic animals. 

Offspring that are born to the host mother can be screened initially for mosaic coat 
color or other phenotype marker where the phenotype selection strategy (such as coat 
color, as described above) has been employed. In addition, or as an alternative, 
chromosomal DNA obtained from tail tissue of the offspring can be screened for the 

15 presence of the targeting vector using Southern blots and/or PCR as described above. 
The offspring that are positive for the PTTG targeting vector will typically be 
heterozygous, although some homozygous nulls may exist. Offspring that are 
homozygous for incorporation of the targeting vector can typically be detected by use of a 
probe tailored to hybridize with regions common both to the wild-type PTTG gene and 

20 the recombinant PTTG gene, such that detection only of the fragment corresponding with 
the endonuclease restriction fragment predicted for the recombinant PTTG gene will tend 
to indicate homozygozity for the recombinant gene. Naturally, the success of this 
approach requires that the technique employed yields polynucleotide products for 
detection that differ in length depending upon whether or not the targeting vector has 

25 been incorporated into the chromosomal copy of the PTTG locus. For example, were 
genomic analysis performed using the Southern blot technique as described above, the 
restriction fragments predicted for endonuclease digestion of cells bearing the wild-type 
PTTG gene as opposed to cells bearing the recombinant PTTG genes must differ in length 
by an amount capable of being detected on an electrophoretic gel. This way, the 

30 transgenic animals that are heterozygous for incorporation of the targeting vector will 
yield two fragments of differing lengths that hybridize with the probe, while those that are 
homozygous for the targeting vector will yield fragments of a single length. 
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If homozygous null mammals are desired, they can be prepared by mating the 
male and female offspring of the same species, who are believed to carry the targeting 
vector in their germ line, to each other. Typically, about one fourth of the offspring of 
such matings will bear the recombinant PTTG allele at both chromosomal copies of the 
5 PTTG locus within their germ line cells, i.e., PTTG -/-. If it is unclear whether the 
offspring will have germ line transmission, they can be mated with a parental or other 
strain and the offspring screened for -/- PTTG. Animals that are PTTG -A can be 
identified by Southern blotting, wherein rodents into whose genome the targeting vector 
has been incorporated, preferably, will yield restriction fragments of different lengths as 
10 compared to the cells of the animals not having incorporated the targeting vector. Probes 
to screen the Southern blots for the presence of the targeting vector in the genomic DNA 
can be designed as set forth above. Those skilled in the art will readily appreciate that, 

J'jij although the mutation described herein has been inserted into the germ cells of a parent 

rodent, the disrupted PTTG gene of the transgenic rodent of the -present -invention. 

ft) 1 5 ultimately will be present in the germ cells of future progeny and subsequent generations 

% thereof. In addition, the genetic material is also present in cells of the progeny other than 

! «H germ cells, i.e., somatic cells. 

H 

Q Other means of identifying and characterizing the null mutant offspring are also 

!"! available. For example, Northern blots can be used to probe mRNA obtained from 

•J j 

Q) 20 various tissues of the offspring for the presence or absence of transcripts encoding either 
the mutated PTTG gene, the selectable marker sequence, or both. In addition, Western 
blots can be used to assess the level of expression of PTTG polypeptide product in 
various tissues of these offspring by probing the Western blot with an antibody against 
the PTTG protein, or an antibody against the selectable marker sequence protein product. 

25 Also included within the scope of the invention are somatic or germ line cells 

derived by any means from the null mutant rodent described herein. With respect to germ 
live cells, such cells can be harvested, isolated selected, removed, extracted, or otherwise 
obtained from the null mutant rodent of the present invention by conventional means. 
With respect to the somatic cells, these cells can be used to develop or maintain cell lines. 

30 Such cell lines can be derived, obtained, removed from, biopsied, or otherwise 
disassociated from the nul l mutant of the present invention and maintained using means 
known in the art. 

23 

LAI 379382vl 



It is a further object of the present invention to provide an in vivo animal model 
for examining the phenotypic consequences resulting from the absence of PTTG protein. 
The homozygous PTTG null rodents of this invention will have a variety of uses, since 
PTTG has been implicated in the regulation of cell division, lymphocyte activation, and 
5 carcinogenesis, to name a few. As set forth herein, the absence of functional PTTG 
polypeptide has been implicated in the etiology of various physiological phenomena and 
medical conditions, including diabetes, hyperglycemia, hypoinsulinaemia, 
hypoleptinemia, chromosomal aneuploidy, premature centromere division, chromosomal 
damage, aberrant cell cycle control, thymic hyperplasia, splenic hypoplasia, 
10 thrombocytopenia, and female sub fertility. Thus, the PTTG null rodent of the present 
invention will be useful as a mammalian in vivo screening model for studying these and 
other phenomena. 

= . Jo this end, PTTG -/- null mice were analyzed for various indicia, including blood 
and urine glucose levels, body weight, insulin availability, leptin availability, litter size, 

15 spleen weights, thymus size, and bleeding time. In addition, PTTG -/- and PTTG +/+ 
mouse embryonic fibroblasts (MEFs) were observed for the purpose of studying their 
respective cell cycle control parameters and chromosomal morphology. The fact that 
only these indicia are described herein should not be understood to mean that the PTTG 
null mouse of the present invention is useful only in treating or studying these conditions 

20 or phenomena. On the contrary, these indicia are offered by way of example only; the far 
reaching investigative and therapeutic utility of the invention will be apparent to those 
persons skilled in the art, and are expressly included within the scope of the present 
invention. By way of example only, PTTG null rodents of the present invention also can 
be used to study carcinogenesis, T-lymphocyte activation, and promoter transcriptional 

25 activation, and signal transduction to name a few. 

The invention will be described in greater detail by reference to the following 
examples. These examples are not to be construed in any way as limiting the scope of 
this invention. 
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EXAMPLE 1: Preparation of PTTG Null Rodents 



A 16 kb Not I fragment containing the entire PTTG coding region was isolated 
from a mouse 129 SvEv X genomic library (Stratagene) using a PTTG cDNA probe 
labeled using a commercially available labeling kit. (Wang, Z., et al, Characterization of 
5 the murine pituitary tumor transforming gene (PTTG) and its promoter, Endocrinology 
141:763-771 [2000]). The targeting vector contained the equivalent of ~ 12.5 kb murine 
PTTG genomic DNA with a 4.2 kb Hind III - EcoR I fragment deletion, including part 
of the first exon containing the ATG start codon, exons 2 and 3, through the middle of the 
3 rd intron, replaced with pGK-neo. (Figure 1A). The targeting vector was then 
10 electroporated into E. coli DH5 a and propagated. The recombinant plasmid DNA was 
then extracted and linearized with Not I, electroporated into Jl ES cells derived from 
Q mice with agouti fur, and selected in 0.4 mg/ml G4-1-8. DNAs from ES cell clones were 

; |j digested. with Hind HI and probed with the labeled 345 bp fragment external to the 5' end 

P of the targeting vector shown in Figure 1A. The probe is set forth in Table 1 (SEQ. ID. 

h<? 15 NO.: 1). From 800 ES colonies 5 clones were identified with correct homologous 
jlfj recombination by Southern blot analysis. (Figure IB). PTTG +/- ES cells were then 

; 3 microinjected into C57BL6 blastocysts possessing black fur, and germline transmission 

Q observed in male chimeras exhibiting agouti fur color representing two separate ES cell 

j^j clones. Chimeras were crossed with C57BL6 strain for the production of knockout mice. 

Q 20 Murine offspring were genotyped by either genomic Southern blot as described below or 
PCR. [For PCR, cycling parameters were 94C 20" 56C 20", and 72C 1' for 30 cycles. 
Primers PTTG2S (5' GGTTTCAACGCCACGAGTCG 3') (SEQ. ID. NO.: 2) and 
PTTG IAS (5' CTGGCTTTTCAGTAACGCTGTTGAC 3') (SEQ. ID. NO.: 3) were used 
for wild-type PTTG detection of a 114 bp fragment; primers GENOIS (5' 
25 GTGCTACTTCCATTTGTCACGTCC 3') (SEQ. ID. NO.: 4) and GEN04AS (5' 
GTGCTACTTCCATTTGTCACGTCC 3') (SEQ. ID. NO.: 5) were used for targeted 
PTTG detection of a 596 bp fragment. ] 

PTTG +/- offspring (Fl) were mated and, of the first 100 F2 progeny, 23 were 

PTTG +/+, 51 were PTTG +/-, and 26 were PTTG -/-, as revealed by Southern and 

30 Northern blots. In Southern blot analysis, genomic DNA from ES cells or mice tail were 

digested with Hindlll, electrophoresised in 1% agarose gel and blotted onto Hybond-N 

membrane (Amersham). The hybridization was performed using QuikHyb (Stratagene) 
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and exposed for radioactivity. The probe was designed to hybridize with nucleotides of 
the PTTG gene that are 5 1 external to the targeting vector. (See, e.g., Table 1.) An 1.7 kb 
hybridizing fragment corresponds to the wild-type PTTG allele, while an about 4.9 kb 
hybridizing fragment corresponds to the targeted PTTG allele. (Figure IB). In Northern 
blot analysis, total RNA were prepared from mouse tissues using Tnzol (Gibco), 
electrophoresised in 1% formaldehyde denaturing gel and blotted onto Hybond-N 
membrane. (Sambrook, Joseph, et al, Molecular cloning : a laboratory manual, 2nd ed., 
Cold Spring Harbor, N.Y. : Cold Spring Harbor Laboratory [1989].) A DNA fragment 
corresponding to mPTTG exon 3 cDNA sequence (372 bp) was used as probe, and 
GAPDH was used as an internal control. (Figure 1C). As PTTG exons 2 and 3 were 
deleted from the PTTG genetic material that comprises the targeting vector, the absence 
of hybridization of the probe with mRNA prepared from tissue of a partxcular 
recombinant mouse evidences that said mouse contains the targeting vector mcorporatea 
into the proper "position of the mouse's genome. RT-PCR and sequencing analyse 
showed that the KOZAK sequence was absent from the mRNAs of the transgenic mice, 
therefore no derived translation product was predicted in such mice. 

Table 1. Smithem Bio * Wyhririigatinn Probe 

5' CACCAO TCACACATCA GCATCTCCTG TGGCTCCATA GAGCTGAGGA CTTTACAAGC TGTCACAACC 

TTTGTAGAAA gggtctgtcc agcaggaggg ggtggggtgg ggtgggtgaa attcctagta caagtatccc 

AGTATCAATC ATGGAACTTT AGAATGTTTT CAGGAACACA CAAAGGAGAC TAAGG 3' 

(SEQ. ID. NO. 1). 
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EXAMPLE 2: Diabetes Study With PTTG Null Mutant Rodents 
Blood glucose assay : 



Method 

18 male and 15 female PTTG null mice and 10 male and 12 female wild-type 
5 control mice were fasted 16-20 hrs before blood was collected and used for glucose assay 
using DEX glucometer (Bayer) per manufacturer's instructions. 

Results 

Hyperglycemia, hypoinsulinaemia and hypoleptinemia was observed in male 
PTTG null mice at 2 months old, which became more prominent after 5-6 months. Only 
0 1 out 15 female PTTG null mice showed hyperglycemia at 12 months age. No 
"~ hyperglycemia or hypoinsulinaemia was observed in the wild-type male or female mice 
of the control group. At 9 months old, above 80% (11 out of 13 male mice observed) had 
hyperglycemia (blood glucose level at 800 mg/dL ± 250 mg/dL in fasted PTTG knockout 
male mice vs. 70 mg/dL ± 15 mg/dL in control), hypoinsulinaemia (0.3 ng/ml ± 0.12 
5 ng/ml in PTTG knockout mice vs. 1.6 ng/ml ± 0.4 ng/ml in control group), and 
hypoleptinemia (circulating leptin levels at 6.3 ng/ml ± 0.5 ng/ml in PTTG -/- males vs. 
41.5 ng/ml ± 4.2 ng/ml in controls). These PTTG knockout male mice also had reduced 
body weight (32.2 g ± 5.1 g in PTTG knockout mice vs. 48.4 g ± 5.8 g in wild-type 
control group). 

20 Glucose tolerance assay : 

Method 

10 male PTTG null mice and 6 male wild-type mice were fasted 16-20 hrs before 
injection of glucose (1 g/kg weight) i.p., and then blood was collected at timepoints 0, 5, 
15, 30, 60 and 90 minutes. Both glucose levels and insulin levels were measured. Insulin 
25 assays' were performed using a Ultrasensitive rat insulin ELISA kit from Crystal Biochem 
(Chicago, IL). 
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Results 



PTTG knockout male mice demonstrated much less insulin secretory sensitivity to 
the increase in blood glucose as compared to wild type mice. (See Figure 2, where the 
null mutant rodents shows high blood glucose levels [approx. 600-1250 mg/dL] and low 
blood insulin levels [approx. 0.6 ng/ml], relative to the wild-type mice [approx. 200 
mg/dL and 1.3-2.5 ng/ml, respectively], over the same period). 

Urine glucose and ketone analysis : 

Methods 

13 male PTTG null mice and 10 male wild-type mice were fasted 16-20 hrs before 
urine collection. The urine glucose and ketone analysis were performed using Keto- 
Diastix Reagent Strips (Bayer) per manufacturer's instructions. 

Results 

1 1 out of 13 male PTTG null mice show urine glucose > 1000 mg/dL, while none 
of the 10 wild-type mice show detectable level of urine glucose. 

Pancreas pathology and histology analysis : 

Methods 

Pancreases were collected from 4 male PTTG null mice and 4 male wild-type and 
histology analyses were performed using standard methods. 

Results 

Insulin immunostaining showed significantly reduced insulin level in pancreatic 
islet cells in PTTG knockout male mice as compared with wild-type controls. (See Figure 
3A, where cells showing up in dark shade represent insulin-secreting cells, which are 
significantly more prevalent in the PTTG +/+ pancreas [Panel 1], than the PTTG -/- 
pancreases [Panels 2 and 3]). In addition, lymphocyte infiltration, a hallmark of 
autoimmune reactivity, was observed in the pancreases of male PTTG null mice. (See 
Figure 3B, where there is a high percentage occupance of lymphocytes (the darkly shaded 
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dots) in islets in the PTTG -/- pancreases [Panels 2 and 3], rather than PTTG +/+ pancreas 
[Panel 1]. 

Cumulatively, the results set forth in this example strongly suggest that male 
PTTG null mice have diabetes. It should also be noted that, in contrast to non-obese 
diabetes (NOD) mice - one established diabetes mouse model « PTTG null mice have a 
higher diabetes occurrence in male (>50% at 25 weeks, >80% at 45 weeks), than in their 
female counterparts (0 at 30 weeks, ~ 5% over 53 weeks). In NOD mice, the occurrence 
of diabetes in female mice (>80% at 30 weeks), than in male mice (-40% at 30 weeks). 
Thus, it appears that the sexual dimorphism of the disease occurrence in PTTG null mice 
is drastically different from that in NOD mice. Moreover, while NOD mice exhibit a 
polygenic contribution to the occurrence of diabetes, diabetes in PTTG null mice appear 
to result from a single gene disruption-. In addition, in steptozotocin (STZ) treated mice - 
STZ is a compound harmful to the pancreas - develop diabetic symptoms through an 
unknown mechanism. Unlike these established diabetic mouse models, the present 
invention, which provides a PTTG mouse model to study diabetes generated through a 
single gene locus, can serve as an effective model for screening drug candidates for 
treating and preventing diabetes, and for studying the etiology of diabetes in general. 

EXAMPLE 3: Female Fertility Study with PTTG Null Mutant Rodents 

Method 

To determine what effect, if any, PTTG under-expression can have on mouse litter 
size, the average litter size was measured from 15 breedings using mice bearing the 
PTTG -/- genotype. 

Results 

The average litter size of the PTTG -/- matings were less than half that of the litter 
size from a PTTG +/- or +/+ dam, 3-5 versus 7-11 pups/litter, respectively. (Table 2) 
This indicated that the PTTG -/- mice are viable and fertile, but demonstrate female 
subfertility. 
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Moreover, the fact that matings of +/- mice yields progeny in a ratio of about 1 :2:1 
ratio of PTTG +/+: +/-: -/-, as set forth in Example 1, implies that PTTG deficiency did 
not result in significant mortality during intra-uterine development. 

Table 2. Litter Sizes in Breeding Pairs 





M(+/+) 


M(+/-) 


M(-/-) 


F(+/+) 


8.6±2.1 


n/a 


8.1 ± 1.8 


F(+/-) 


n/a 


7.8 ± 1.6 


7.7 ± 1.6 


F(-/-) 


4.2 ± 1.1 


4.2 ± 1.0 


3.8 ± 1.0 



These results were obtained from at least 3 breeding pairs except for M(+/+) x 
F(+/+) or M(-/-) x F(-/-) where 15 breeding pairs were used. 

EXAMPLE 4: Thrombocytopenia Study with PTTG Null Mutant Rodents 
Method 

Blood samples from six PTTG -/- and six PTTG +/+ mice were collected for 
hematological analysis including whole blood counting, blood and bone marrow smears. 
Femurs were used to make sections for morphological observation and megakaryocyte 
counting. Standard histological analysis was used as described in Brown, Geoffrey G.. An 
introduction to histotechnology : a manual for the student, practicing technologist, and 
resident-in-pathology /, Geoffrey G. Brown : foreword by John M. Budinger. New York : 
Appleton-Century-Crofts, [cl978]. Bleeding time was measured as described in 
Offermanns, S. 5 et aL, Defective platelet activation in G alpha(q) -deficient mice, Nature, 
387:183-186 [1997]. 

Results 

Hematological analysis showed that PTTG -/- mice are thrombocytopenic, despite 
normal numbers of bone marrow megakaryocytes. PTTG -/- platelet numbers ranged 
from 40 - 65% of PTTG +/+ mice and PTTG -/- bleeding time was prolonged (16-19 
minutes vs. 5-10 minutes in PTTG +/+ mice, PO.005) (Figure 4C). 
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EXAMPLE 5: ("tell Cvcle Control Study w ith Murine Emhrvonic Fibroblasts 



Method 



m 



pxTG +/+ and ./- murine embryonic fibroblasts (MEFs) were prepared from 
embryos that advanced 13.5 days from the copulation event (E13.5 embryos) respectively 
5 as described (Patel, K.J., et al, Involvement of Brca2 in DNA repair, Mol. Cell. 1:347- 
357 [1998]), and maintained in DMEM with 10% fetal bovine serum. Cells at passage 3-5 
were plated at 4 x 10 5 per 60 mm dish, and either irradiated (12 Gy) from a 137Cs 
Gammacell 40 irradiator or DMEM added with 0.1% fetal bovine serum in separate 
experiments. Cells were harvested at the indicated times for cell cycle analysis. 

10 Cells were trypsinized at the indicated times, washed with PBS, resuspended in 1 

ml PBS, fixed with 2 ml cold methanol, treated wun piupiuium ^ v - v — — 

'i - and subjected to cell cycle analysis using.EACS-Star (Becton D^kinson). 

■11 

For retroviral transfection experiments, a retroviral plasmid pLPCX-PTTG was 
generated by subcloning murine PTTG cDNA into pLPCX (Clontech) via EcoR I and Not 
if 15 I sites. A viral packaging cell line Eco293 was purchased from Clontech. Retrovirus 
were produced by transfecting pLPCX-PTTG into Eco293 cells and harvesting supemants 
48 hours after transfection. The viral titers were between 5xl0 5 /ml to lxlO/ml. PTTG 
+/+ and -/- cells were then infected with PTTG expression retrovirus and subjected to cell 
cycle analysis. 

20 Results 

PTTG -/- and PTTG +/+ mouse embryonic fibroblasts (MEFs) both derived at 
passage 3 demonstrated similar doubling times (~ 30 hrs) but different cell cycle 
parameters (Figure 5A). The PTTG -/- MEF Gl phase was shortened (10.1 vs. 18.2 hrs), 
with a prolonged G2-M phase (7.2 vs. 1.4 hr), implying deficient G 0 -G1 checkpoint 
25 control and delayed progression of G2-M. PTTG -/- MEFs showed a flow cytometric 
pattern similar to a pattern in a DNA damaged cell population such as one observed in y- 
irradiated WT PTTG +/+ MEFs (Figure 5 A). Untreated PTTG +/+ MEFs exhibit 62-75% 
in Go-Gl, 15-27% in S and 3-10% in G2-M phases respectively during 96 hr observation. 
In contrast, 37-54% of PTTG -/- MEFs were in the G 0 -G1 phase, 13-32% in S phase and 
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27-43% in the G2-M phase (Figure 5B). After y-irradiation, the number of PTTG +/+ 
MEFs in G2-M phase increased to 28-51%, while 45-62% of PTTG -/- MEFs were in the 
G2-M phase (Figure 5B), implying that the G2-M checkpoint is functional in both y- 
irradiated PTTG +/+ and PTTG -/- MEFs (Figure 5B). 

Interestingly, introduction of PTTG into PTTG -/- MEFs via retroviral 
transfection substantially increased the number of cells in S phase (~ 40% at 72 hr vs. ~ 
19% at baseline) while reducing the number of cells in G2-M (~ 10% at 72hr vs. -29% at 
baseline) (Figure 5B), reflecting phenotype reversal of PTTG -/- MEF cells showing a 
large G2-M phase. Moreover, more than 85% PTTG +/+ MEFs were in G 0 -G1 after 96 hr 
serum starvation, while only 65% PTTG -/- MEFs were in G 0 -G1 with > 20% PTTG -/- 
MEFs still residing in G2-M after serum starvation (Figure 5B). 

Results 

EXAMPLE 6: Nuclear and Chromosomal Study with Murine Embryonic 
Fibroblasts 

Method 

For nuclear analysis, PTTG +/+ and -/- MEFs grown on chamber slides were 
immunostained with anti-a-tubulin and Rhamine-anti-goat secondary antibody, and 
counterstained with Hoescht 33258. (Yu, R., et al, Pituitary tumor transforming gene 
causes aneuploidy and p53-dependent and p5 3 -independent apoptosis, J. Biol. Chem. 
275:36502-36505 [2000]). For chromosome analysis, Mitotic MEFs were collected after 
16 hr colcemid treatment (50 ng/ml), hypotonized and fixed with cold Carnoy's fixative. 
Fixed cells were then dropped onto slides and processed by standard cytogenetic 
procedures. {The ACT cytogenetics laboratory manual^ 3rd edition, Lippincott-Raven 
Publishers, Philadelphia [1997]). Chromosome number and gross rearrangements were 
determined in at least 50 metaphase cells. 

Results 

PTTG -/- MEFs demonstrated disordered cell nuclear morphology and about 12- 

15% PTTG -/- MEFs are binucleated or multinucleated vs. < 1% of PTTG +/+ MEFs 

(Figure 6A). PTTG -/- MEFs demonstrated enhanced aneuploidy and several aberrant 
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chromosome morphologies (Figure 6B). 10-15% of PTTG -/- MEFs were aneuploid 
versus -1% of PTTG +/+ MEFs, and aberrant chromosome morphologies, including 
quadriradials, triradials and breaks were observed in 4-6% of PTTG -/- metaphase spreads 
examined, while no such anomalies were observed in PTTG +/+ MEFs. The binucleated 
and multinucleated cells probably contribute to the observed higher percentage of PTTG - 
/- MEFs in G2-M as assessed by flow cytometry, as well as to the aneuploidy. 

Notably, premature centromere division, whose genetic mechanism is unclear, 
was also observed in -10% of PTTG -/- MEFs (Figure 7). Premature centromere division 
is defined as separation of the centromere region preceding completion of chromosome 
arm separation. Normally, the centromere region is the last region to separate. In the 5 
out of 54 chromosome spreads of PTTG -/- MEFs with premature centromere division, 
2-5 chromosomes were affected in each cell. No such premature centromere division was 
observed in PTTG +/+ MEFs. However, the presence of these aberrant chromosome 
structures in the PTTG -/- MEFs was not lethal for the entire cell population. 

EXAMPLE 7: Testicular. Thymic and Splenic Size Study with PTTG Null 
Mutant Rodents and Thymic Lymphocytes 

Method 

PTTG +/+ and -/- mice were sacrificed and their respective spleen weights and 
thymus sized were measured. 

Results 

PTTG -/- mice had reduced testicle weight, reduced spleen weights and enlarged 
thymus (Table 3, Figure 4A) while ovarian weights did not differ. Testicular hypoplasia 
was more severe in sexually mature than in immature mice (Table 3). The PTTG -/-adult 
testicle weight was 45-55% of PTTG +/+ mice. Splenic hypoplasia was apparent after 
weaning and continues for up to 8 months observation time, with PTTG -/- spleen weight 
being 50-75% of PTTG +/+ mice. Thymic hyperplasia was more pronounced at an early 
age (4-5 weeks). PTTG is abundantly expressed in normal testis and thymus, but not in 
spleen or ovary. (Wang, Z. Melmed, S., Characterization of the Murine pituitary tumor 
transforming gene (PTTG) and its promoter, Endocrinology 141:763-771 [2000].) The 
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weight changes observed in testis and thymus thus suggest cell type differences in PTTG 
effects cell growth. Thymic hyperplasia is probably not due to reduced apoptosis, as 
PTTG -/- thymocytes demonstrated similar in vitro responses to 20 nM dexamethasone or 
3 Gy irradiation as compared to WT thymocytes (data not shown), and similar to 
GADD45a -/- mice with thymic hyperplasia despite functioning thymocyte apoptosis 
mechanisms. (Hollander, M.C., et ah, Genomic instability in Gadd45a-deficient mice, 
Nature Genetics, 23:176-184 [1999]). 

Table 3. Phenotvne Comparison Betwe en PTTG +/+ and PTTG -/- mice 



Phenotype 


Sex, age 


PTTG +/+ 


PTGG -/- 


Testis weight (mg) 


male, 4 weeks 
male, 30 weeks 


26.2 ±2.3 
108.3 ± 10.1 


22.1 ± 1.7 
50.6 ±5.2 


Spleen weight (mg) 


male, 4-5 weeks 
male, 30-32 weeks 
female, 4-5 weeks 


65 .4 ±5/7 
101.6±9.6 
60.8 ±5.1 

94T3 ±8:8 ~ 


36.5 ±3.2 

81.1 ±7.5 

34.2 ±3.0 

81.6 ±7.7 


female, 30-32 weeks 


Thymus weight (mg) 


male, 4-5 weeks 
male, 30-32 weeks 
female, 4-5 weeks 
female, 30-32 weeks 


48.4 ±4.2 
32.9 ±2.8 

60.5 ± 5.5 
44.7 ±4.0 


66.1 ± 5.9 

38.3 ±2.9 

82.2 ±6.3 

52.4 ±4.5 


Platelets (1,000/ul) 


male, 4-5 weeks 
female, 4-5 weeks 
female, 7-9 weeks 


1,020 ±93 
850 ±61 
1,080 ±97 


680 ±45 
370 ± 28 
660 ± 52 



Note: All values are mean ± SD (n=5-6 per group) 

EXAMPLE 8: CTiA and CDS Surface Exp ression in Thymic Lymphocytes 

Thymic lymphocytes were isolated from PTTG +/+ and PTTG -/- mice aged 5-6 
weeks and cultured in RPMI 1640 medium. Isolated thymocytes were also stained for 
CD4 and CD 8 surface expression using PE labeled anti-CD4 (L3T4) and FITC labeled 
anti-CD8 (Ly-2) (BD PharMingen) and analyzed using FACS-Star (Becton Dickinson). 

The distribution of CD4+CD8+, CD4+CD8- and CD4-CD8+ thymocytes 
significantly differed after PTTG disruption (Figure 4B): CD4+CD8- thymocytes 
represent ~ 13.5% of total PTTG -/- thymocytes vs. ~ 6.5% in PTTG +/+ mice. 
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